The principle of ROMs assay is that the iron released from serum protein under an acid medium attacks hydroperoxide molecules present in serum and generate free radicals. These radicals react with chromogen to produce a stable coloured complex that can be measured by spectrophotometer. The serum and standard (10 μl each) were separately added to 1 ml of a reaction mixture containing 0.01 M acetetic acid/sodium acetate buffer (PH=4.8) and N, N -diethyl-p-phenylenediamine as chromogen, and then incubated for 90 min at 37°C. When the reactive oxygen metabolites react with chromogen, they produce a complex colour in which its intensity is directly proportional to their concentration.
Materials and Methods

A-Reactive oxygen metabolites (ROMs) and Non-enzymatic antioxidant capacity (OXY)
The principle of ROMs assay is that the iron released from serum protein under an acid medium attacks hydroperoxide molecules present in serum and generate free radicals. These radicals react with chromogen to produce a stable coloured complex that can be measured by spectrophotometer. The serum and standard (10 μl each) were separately added to 1 ml of a reaction mixture containing 0.01 M acetetic acid/sodium acetate buffer (PH=4. 8) and N, N -diethyl-p-phenylenediamine as chromogen, and then incubated for 90 min at 37°C. When the reactive oxygen metabolites react with chromogen, they produce a complex colour in which its intensity is directly proportional to their concentration.
After incubation, the intensity of the colour was spectrophotometrically read at 505 nm at 37°C. The concentration of ROMs was calculated by dividing the absorbance of the sample and absorbance of the standard and multiplied by the concentration of standard. All samples, standards, and blanks were made in duplicate. The dROMS assay was expressed as mg H 2 O 2 /dL equivalents.
The OXY assay is based on the detecting the ability of non-enzymatic antioxidants to quench the oxidation effects of hypochlorous acid (HOCl). This assay has been previously used to measure total antioxidant capacity in different species [1] [2] [3] [4] [5] [6] .The serum and standard were first diluted 1:100 with distilled water and then 10 μl from each of them was added to the 2ml eppendorf tube in duplicate. One millilitre of oxidant solution (HCIO based) was added to the blank, standard, and sample tubes and incubated for 10 min at 37°C. After incubation, the solution was poured into a cuvette already containing 10 μl of chromogen. The intensity of the colour was inversely proportional to the concentration of non-enzymatic antioxidants capacity in which the change in the colour was spectrophotometrically read at 505 nm at 37°C.
The concentration of OXY was calculated by using this formula OXY = (absorbance of blank-absorbance of sample)/(absorbance of blank-absorbance of standard)* standard. All samples, standards, and blanks were made in duplicate. The OXY was expressed as mM of HCIO.
B-Enzymatic antioxidant activities (CAT, SOD, and GPx)
Catalase activity is based on detecting the amount of H 2 O 2 that was decomposed by catalase activity using KMnO 4 . One hundred -eight microliters of supernatant was incubated with 18 ߤl of 10% Triton x100 on the ice for 30 minutes. For liver samples, the samples were diluted 1:20 with ice-cold 50Mm phosphate buffer before adding Triton x100. Sixty microliter of background sample (ice-cold 50Mm phosphate) and each sample was added to a 2 ml eppendorf tube in triplicate. Diluted Hempstead, UK).
C-DNA damage (8OHdG) measured by ELISA and HPLC-ECD methods
For ELISA method, 100 mg of frozen liver tissue was homogenised with 1 ml of cold buffer A (10 mM Tris-HCL; 320 mM Sucrose; 5 Mm MgCl 2 ; 0.1 mM Deferoxamine mesylate; 1% TritonX-100). After centrifugation (4000g at 4°C for 5 minutes), the supernatant was discarded and the pellet was res-suspended in 1.5 ml cold buffer A.
After second centrifugation (4000g at 4°C for 5 minutes), the pellet was suspended in 600 µl cold buffer B (10 mM Tris-HCL; 5 mM Na 2 EDTA; 0.15 mM Deferoxamine mesylate). To exclude the RNA damage from being measured, the sample was incubated with (35µl of 10% SDS; 3µl RNase IIIA; 8µl RNase T1) at 50°C for 15 minutes. Thirty microliters of protease was then added and incubated at 37 °C for 1 hour. To extract the DNA from the sample, 2 ml of sodium iodide solution and 2 ml of absolute Isopropanol were added and followed by a centrifugation at 4000g at 4°C for 5 minutes. Supernatant was discarded and the pellet was washed twice by adding 1 ml of 40% Isopropanol and 1 ml of cold 70 % Ethanol, respectively, followed by a centrifugation at 4000g for 4°C for 5 minutes after each wash. To counteract the artefacts of oxidative damage associated with DNA isolation, extracted DNA was For HPLC-ECD method, DNA was prepared and oxidative damage (8OHdG) was measured using the protocol previously published with some modifications 8 .
Concisely, 150-200 mg of frozen liver tissue was extracted in 1 ml cold buffer A (10 mM Tris buffer pH 7.5 containing 320mM sucrose, 5 mM MgCl 2 , 1% Triton X-100, and 0.1 mM desferrioxamine). After centrifugation (10000g at 4°C for 30 seconds), the supernatant was discarded and the pellet was re-suspended in 180µl buffer B (40 mM Tris buffer pH 8 containing 20 mM Na 2 EDTA, 7.6 mM NaI, and 0.1 mM desferrioxamine). The re-suspended pellet was then incubated with a mixture of 20 µl of SDS (10%), 30 µl RNase A, and 8 µl RNase T1 for 20 minutes at 50 °C. Protein of the sample was digested by adding 10µl proteinase K for one hour at 37°C. After centrifugation (10000g at 4°C for 5 minutes), 200 µl of the supernatant was transferred to 1.5 ml tube and incubated with 300 µl NaI 7.6 mM solution (20 mM Na 2 EDTA, 40 mM Tris Base, and 0.1 mM desferrioxamine). DNA was then precipitated by mixing with 500 µl of concentrated 2-propanol and followed by centrifugation at 15000g for 3 minutes at 4 °C. The precipitated DNA was washed twice using 1 ml of 40% 2-propanol and followed by centrifugation at 15000g for 3 minutes at 4 °C. The final wash was performed by adding 1ml 70% ethanol which was subsequently evaporated under a stream of N 2 for 5 minutes. The dry DNA pellet was diluted in 100 µl desferrioxamine /Tris buffer pH 7 (10mM Tris Base, 0.1 mM desferrioxamine). Hydrolysis of the extracted DNA was enzymatically performed using a mixture of nuclease P1 and alkaline phosphatase. Ten microliters of DOWEX resin (50μg/μl water) was added to the mixture for one minute and followed by centrifugation at 14000g for 5 minutes at 4 °C. Five hundred microliters the supernatant was transferred to a new tube and mixed with 50 µl of chloroform and followed by centrifugation at 10000g for 15 minutes at 4°C. Chromatographic separation of 8OHdG and dG was achieved on an Agilent Zorbax SB-Aq NarrowBore RR column (100 × 2.1 mm id; particle size 3.5 μm) protected by pre-column SecurityGard Ultra (Phenomenex: AJO-9000). The separation was performed under isocratic conditions with a mobile phase consisting of sodium phosphate 50 mM and sodium citrate 2.5 mM buffer (pH 7.0) containing 10% v/v methanol. The flow rate was set to 0.25 mL/min at 32°C and a total run time of the analysis was 25 min.
Electrochemical detection was carried out using Dionex UltiMate 3000 HPLC electrochemical cell 6011 RS, with 8OHdG being detected at potential +300 mV while dG was detected at +800 mV. Prior to injection, samples were passed through 0.2µm RC filters (Phenomenex). Determination of 8OHdG was performed by injecting 10 μL while 1μL of diluted dG (10x times) was used for determination of dG. Standards and samples were made in duplicate and the damage expressed as a ratio between 8OHdG and 10* 6 dG. The 
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